WO 2005/060036 



1 



PCT/IB2004/004112 



FUEL CELL SYSTEM AND GAS CONTROL METHOD 
BACKGROUND OF THF TNVPTsfJjn^ 

1 ■ Field of the Invention 

[0001] The invention relates to a fuel cell system that generates electricity 
through an electrochemical reaction between fuel gas and oxidizing gas and a gas control 
method of the fuel cell system. 
2. Description of the Related Art 

[0002] A fuel cell is structured to start power generation upon supply of the 
fuel gas and the oxidizing gas. The fuel cell generates required electric energy in 
response to the supply of the fuel gas and the oxidizing gas by quantity each 
corresponding to a required load. 

[0003] The operation of the aforementioned fuel cell is interrupted by stopping 
the supply of the fuel gas and the oxidizing gas. For example, the power generation 
may be completely stopped by introducing inactive gas into the fuel cell (pressurizing) or 
sucking the residual fuel gas outside (generating negative pressure) so as to be discharged 
outside. 

[0004] Meanwhile in the case where the vehicle equipped with the fuel cell is 
stopped for a short period of time or operated under low loads, the supply of the fuel gas 
and the oxidizing gas is stopped while having the fuel gas and the like remained in the 
fuel cell. 

[0005] In the fuel cell, the fuel gas is separated from the oxidizing gas with a 
polymer electrolyte. If such gas is left in the state where the power generation 
(electrochemical reaction) is interrupted, the gas is likely to permeate through the 
polymer electrolyte until partial pressure of each gas at both electrodes becomes equal. 
The above-described permeation of the gas through the polymer electrolyte may interfere 
with normal power generation, resulting in a temporal deterioration in the performance of 
the fuel cell (output voltage) upon re-start of the power generation. 

CONFIRMATION COPY 
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[0006] Japanese patent application Publication No. JP-A-2002-3 52837 
discloses a fuel cell system that swiftly supplies excessive fuel gas into the fuel cell under 
pressure applied upon activation such that power output is obtained quickly from the 
stopped state of the fuel cell. 

[0007] In the case where the power generation (electrochemical reaction) has 
been stopped, the fuel gas and the oxidizing gas both separated by the polymer electrolyte 
in the fuel cell tend to permeate therethrough until the partial pressures at both electrodes 
become equal. The above-described permeation of such gas may interfere with normal 
power generation, thus temporarily deteriorating the performance (output voltage) of the 
fuel cell upon re-start thereof. If the excessive gas under high pressure is swiftly 
supplied into the fuel cell repeatedly at every re-start of the fuel cell as aforementioned, a 
very thin solid polymer electrolyte or catalytic electrode may be damaged and the fuel 
gas is wasted, thus deteriorating the fuel efficiency. 

SUMMARY OF THF TNVFNTIOTM 

[0008] It is an object of the invention to provide a fuel cell that overcomes the 
problem of the deterioration in its performance upon re-start of power generation while 
avoiding deterioration in the fuel efficiency. 

[0009] First aspect of the invention relates to a fuel cell system provided with a 
fuel cell that generates electricity through an electrochemical reaction between a fuel gas 
and an oxidizing gas, and a load device which is supplied with electric power from the 
fuel cell, the fuel cell system includes a gas supply unit that supplies each of the fuel gas 
and the oxidizing gas to an anode and a cathode of the fuel cell, respectively by quantity 
corresponding to a load; a gas permeation quantity estimation unit that estimates a gas 
permeation quantity of at least one of the fuel gas and the oxidizing gas between the 
anode and the cathode after the power generation performed by the fuel cell is stopped; 
and a correction unit that corrects a supply quantity of at least one of the fuel gas and the 
oxidizing gas each corresponding to the load in accordance with the estimated gas 
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permeation quantity, which is to be supplied by the gas supply unit upon a subsequent 
start of power generation. 

[0010] According to the first aspect of the invention, the above-described 
structure makes it possible to overcome reduction in the effective catalytic area owing to 
formation of water drop on the catalytic surface resulting from chemical short-circuit 
caused by the residual gas in the fuel cell that permeates through the polymer electrolyte 
between the anode and the cathode after interruption of the fuel cell operation, or the 
delay in the rise of the fuel cell upon re-start thereof owing to reduction in the gas 
pressure in the anode and the cathode. 

[0011] In the first aspect of the invention, the gas permeation quantity may be 
estimated based on a drop rate of an open circuit voltage after the power generation 
performed by the fuel cell is stopped. Such estimation may be made using the 
correlation between the reduction rate in the open circuit voltage and the gas permeation 
quantity through the polymer electrolyte at a predetermined elapse of time after 
interruption of the fuel cell operation. 

[0012] In the aspect related to the first aspect of the invention, the drop rate of 
the open circuit voltage may be calculated based on an amount of a voltage drop that has 
occurred between the anode and the cathode due to a leakage of the fuel gas to the 
cathode and a leakage of the oxidizing gas to the anode after the power generation 
performed by the fuel cell is stopped, an elapsed time from when the power generation 
performed by the fuel cell is stopped, and a function which has been obtained through 
experiment or simulation calculation preliminarily. 

[0013] In the first aspect of the invention, the gas permeation quantity may be 
estimated based on a gas pressure decrease rate in the fuel gas after the power generation 
performed by the fuel cell is stopped. Such estimation may be made using the 
correlation between the reduction rate in gas pressure within the fuel cell and the gas 
permeation quantity through the polymer electrolyte at a predetermined elapse of time 
after interruption of the fuel cell operation. 

[0014] In the aspect related to the first aspect of the invention, the gas pressure 
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decrease rate may be calculated based on the estimated gas permeation quantity which 
has been obtained through experiment or simulation calculation preliminarily based on a 
fuel gas pressure in the anode after the power generation performed by the fuel cell is 
stopped, a decrease in the fuel gas pressure for an elapsed time from when the power 
generation performed by the fuel cell is stopped until when the power generation 
performed by the fuel cell is restarted, and the elapsed time. 

[0015] In the first aspect of the invention, the correction unit independently 
may set each of a correction amount of the fuel gas and a correction amount of the 
oxidizing gas based on the estimated gas permeation quantity. 

[0016] In the first aspect of the invention, the gas permeation quantity 
estimation unit independently may estimate each of the gas permeation quantity of the 
fuel gas and the gas permeation quantity of the oxidizing gas. 

[0017] According to the first aspect and related aspect of the invention, the fuel 
cell may be brought into a stopped state in an intermittent operation mode of the fuel cell. 
The fuel cell provided in the vehicle is structured to supply electricity from a secondary 
battery in the low load state such as a vehicle stopped state for improving the fuel 
efficiency such that the fuel cell is briefly stopped until its operation is needed. The fuel 
cell has to be started quickly as higher electric energy is required to allow the vehicle to 
take off. According to the aspect of the invention, the deterioration in the start-up 
characteristic of the fuel cell caused by permeation of the gas may be avoided by 
correcting the quantity of the supplied gas, thus improving the take-off characteristic of 
the vehicle. 

[0018] Second aspect of the invention relates to a gas control method of a fuel 
cell system including a fuel cell that generates electricity through an electrochemical 
reaction between a fuel gas and an oxidizing gas, and a load device which is supplied 
with electric power from the fuel cell, the method includes the steps of: supplying each of 
the fuel gas and the oxidizing gas to an anode and a cathode of the fuel cell, respectively 
by quantity corresponding to a load; estimating a gas permeation quantity of at least one 
of the fuel gas and the oxidizing gas between the anode and the cathode after the power 
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generation performed by the fuel cell is stopped; and correcting a supply quantity of at 
least one of the fuel gas and the oxidizing gas corresponding to the load in accordance 
with the estimated gas permeation quantity, which is to be supplied upon a subsequent 
start of power generation. 

[0019] The invention makes it possible to avoid drop in the output voltage 
immediately after re-start of the fuel cell. The quantity of the gas supplied upon re-start 
of the fuel cell is adjusted (corrected) to an appropriate value so as to improve the rise-up 
characteristic of the output voltage. Accordingly this makes it possible to avoid damage 
in the solid polymer electrolyte under the excessive pressure or the deterioration in the 
fuel efficiency upon excessive supply of the fuel gas. 

BRIEF DESCRIPTION OF THE PR AWTNGft 

[0020] FIG. 1 is an explanatory view that represents a structure of a fuel cell 
system according to the invention; 

[0021] FIG. 2 is a flowchart that represents a control process to which the 
invention is applied upon an intermittent operation of the fuel cell; 

[0022] FIG. 3A is a graph that represents an example of an open circuit voltage 
of the fuel cell, FIG. 3B is a graph that represents a relationship between the voltage drop 
and quantity of permeating gas, and FIG 3C is a graph that represents a relationship 
between the quantity of permeating gas and correction amount of the supplied gas; and 

[0023] FIG 4 A is a graph that represents a function that determines an increase 
in quantity of hydrogen gas, and FIG 4B is a graph that represents a function that 
determines an increase in quantity of air. 

DETAILED DESCRIPTION OF THE PREFER RED EMBODIMENTS 



[0024] Preferred embodiments of the invention will be described referring to 
the drawings. 
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[0025] A fuel cell system according to the invention is structured to estimate 
the fuel gas permeation quantity from the anode to the cathode, and the permeation 
quantity of the oxidizing gas and the inactive gas from the cathode to the anode, 
respectively in a non-power generation state of the fuel cell that has stopped power 
generation upon suspension of supply of at least one of the fuel gas and the oxidizing gas. 
If it is determined that the gas permeation quantity is large, the quantity of circulation and 
supply of the fuel gas, and supply quantity of the oxidizing gas are increased for the 
subsequent start of the fuel cell (start of power generation). Accordingly the density of 
the fuel gas upon the re-start of the fuel cell is increased so as to cope with the flooding 
state of the produced water or to dilute the fuel gas that has permeated to the cathode 
such that the rise-up performance (power generation performance) of the output voltage 
upon subsequent start of the power generation may be assured. 

[0026] The gas permeation quantity may be estimated using the reduction rate 
(reducing speed) of the open circuit voltage (OCV) of the fuel cell, the reduction rate of 
the fuel gas pressure of the anode, and other parameters of the fuel cell operation, which 
relate to the gas permeation quantity. 

[0027] FIG 1 is a block diagram that represents a first embodiment of the 
invention. In the first embodiment, an open circuit voltage V of the fuel cell having its 
operation interrupted is observed, and a leakage of the fuel gas to the cathode is estimated 
in accordance with the state where the open circuit voltage V is reduced. The leakage of 
the oxidizing gas to the cathode is also estimated. The fuel gas may be hydrogen gas, 
and the oxidizing gas may be air (containing oxygen, nitrogen and the like), for example. 
In the case where chemical short-circuit or reduction in the gas pressure owing to 
permeation of the fuel gas and the oxidizing gas is estimated, the gas by the quantity 
corresponding to the correction amount is added to correspond each quantity of the fuel 
gas and the oxidizing gas supplied upon next activation to the required load such that 
start-up characteristic of the fuel cell is improved. 

[0028] Referring to FIG. 1, a fuel cell 20 includes a solid polymer electrolyte 
21 disposed between an anode 22 and a cathode 23 (MEA: Membrane Electrode 
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Assembly), to which a plurality of unit cells each provided with a gas supply passage (not 
shown) and a cooling water passage (not shown) are stacked. Air (outside air) as the 
oxidizing gas is supplied to an air inlet of the fuel cell 20 via an air supply passage 71. 
The air supply passage 71 includes an air filter 11 that removes particles from air, a 
compressor 12 that pressurizes air, a pressure sensor 51 that detects an air supply pressure, 
and a humidifier 13 that adds a predetermined quantity of moisture to air. The air filter 
1 1 is provided with an air flow meter that detects the flow rate of air. 

[0029] Air off-gas discharged from the fuel cell 20 is further discharged outside 
through an exhaust passage 72. The exhaust passage 72 is provided with a pressure 
sensor 52 that detects an exhaust pressure, a pressure regulator valve (flow control valve) 
14 and a heat exchanger of the humidifier 13. The pressure regulator valve 14 serves as 
a pressure regulator that sets the pressure of air (air pressure) supplied to the fuel cell 20. 
Each of the detection signals (not shown) from pressure sensors 51, 52 is transmitted to a 
control section 50. The control section 50 sets the air supply pressure or supply flow 
rate by regulating the compressor 12 and the pressure regulator valve 14. The 
compressor 12, the pressure regulator valve 14 and control program of the control section 
50 constitute a unit that supplies the oxidizing gas. 

[0030] The hydrogen gas functioning as the fuel gas is supplied from a 
hydrogen supply source 31 to a hydrogen supply inlet of the fuel cell 20 via a fuel supply 
passage 75. The hydrogen supply source 3 1 may be formed as a high-pressure hydrogen 
tank, hydrogen storing alloy, reformer and the like. The fuel supply passage 75 is 
provided with a pressure sensor 54 that detects a pressure of the hydrogen supply source, 
a pressure regulator valve (flow control valve) 32 that regulates the pressure of the 
hydrogen gas supplied to the fuel cell 20, a relief valve 39 that opens when the fuel 
supply passage 75 is under the abnormal pressure, a shut-off valve 33 that opens and 
closes the hydrogen gas supply inlet of the fuel cell, and a pressure sensor 55 that detects 
a pressure of the inlet of the hydrogen gas. The pressure sensor 55 may be formed as 
the gas pressure detection unit. The signals (not shown) of the pressure sensors 54 and 
55 are supplied to the control section 50. The control section 50 sets the supply quantity 
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of the hydrogen gas by regulating the pressure regulator valve 32. 

[0031] The hydrogen gas that has not been consumed by the fuel cell 20 is 
discharged into a hydrogen circulation passage 76 as hydrogen off-gas so as to be 
returned to the downstream side of the shut-off valve 41 in the fuel supply passage 75. 
The hydrogen circulation passage 76 is provided with a temperature sensor 63 that 
detects a temperature of the hydrogen off-gas, a shut-off valve 34 that discharges the 
hydrogen off-gas, a gas/liquid separator 35 that recovers water from the hydrogen off-gas, 
an exhaust valve 36 through which the recovered water is collected in the tank (not 
shown), a hydrogen pump 37 that pressurizes the hydrogen off-gas, and a check valve 40. 
The shut-off valves 33 and 34 may be formed as elements for closing the anode side of 
the fuel cell. The detection signal (not shown) of the temperature sensor 63 is supplied 
to the control section 50. Operations of the hydrogen pump 37 are controlled by the 
control section 50. The hydrogen off-gas flows to be mixed with the hydrogen gas 
supplied from the hydrogen supply source 31 in the fuel supply passage 75 such that the 
mixture is supplied to the fuel cell 20 and re-used therein. The hydrogen gas supplied to 
the fuel cell 20 includes the new hydrogen gas from the hydrogen supply source 3 1 and 
the circulated hydrogen gas. The check valve 40 serves to prevent back flow of the 
hydrogen gas in the fuel supply passage 75 into the hydrogen circulation passage 76. 
The hydrogen supply source 31, the pressure regulator valve 32, and the hydrogen pump 
37 constitute the fuel gas supply unit. The aforementioned oxygen gas supply unit and 
the fuel gas supply unit constitute the gas supply unit. 

[0032] The hydrogen circulation passage 76 is connected to the exhaust 
passage 72 through a purge passage 77 via a purge valve 38. The purge valve 38 is 
formed as an electromagnetic shut-off valve, which is operated upon a command from the 
control section 50 so as to release (purge) the hydrogen off-gas outside. The 
aforementioned purging is performed intermittently for circulation within the fuel cell 
repeatedly such that the hydrogen off-gas with increased impurity content is discharged 
outside. Then the new hydrogen gas is introduced for the purpose of preventing 
decrease in the voltage in the cell. The discharged hydrogen off-gas is diluted with air 
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off-gas in a combustor (not shown) so as to be discharged outside. 

[0033] A power control unit (PCU) 42 is connected to an output terminal of the 
fuel cell 20 via a switch. The power control unit 42 includes a DC-DC converter 42a 
that converts DC voltage, and inverters 42b, 42c that convert direct current into alternate 
current. The converter 42a serves to charge a secondary battery 41 at an appropriate 
voltage level corresponding to outputs of the fuel cell 20. The output of the secondary 
battery 41 is regulated to an appropriate level so as to be supplied to an accessory motor 
43 and a driving motor 44 via the inverters 42b and 42c. The inverters 42b and 42c 
serve to supply outputs of the fuel cell 20 or the secondary battery 41 to the accessory 
motor 43 and the driving motor 44. The route of power supply by the power control 
unit 42 is controlled by the control section 50 in accordance with the operation mode. A 
voltmeter V is connected between output terminals of the ftiel cell 20 and the monitor 
outputs are supplied to the control section 50. 

[0034] The control section 50 receives inputs of a required load represented by 
not shown vehicle accelerator signals, control information transmitted from sensors of the 
respective portions in the fuel cell system and the like so as to control operations of 
various types of valves and motors. The control section 50 is formed of a control 
computer system (not shown) that may be structured with a well known commercially 
available system. 

[0035] The operations of the control section 50 will be described referring to 
the flowchart shown in FIG. 2. The control section 50 is formed of a computer for the 
purpose of executing control as aforementioned. More specifically, the control section 
50 controls operations of various portions in the fiiel cell system in accordance with the 
control program (not shown). 

[0036] The control section 50 interrupts operation of the fuel cell 20 and 
operates the secondary battery 41 for power supply in the low load state where power 
generation efficiency (fuel efficiency) of the fuel cell 20 is decreased, for example, 
stopped state of the vehicle. When the state of charge of the secondary battery 41 is 
lowered or the load is increased, the control section 50 serves to operate the fuel cell 20 
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for the purpose of supplying power to the load and charge the secondary battery 41. 
When charging of the secondary battery 41 is completed and the load is decreased, the 
operation of the fuel cell 20 is interrupted, and the power is supplied to the load by the 
secondary battery 41. The control section 50 according to this embodiment, the 
aforementioned operation is repeatedly performed in the low load state so as to perform 
intermittent operation of the fuel cell 20. (intermittent operation mode) 

[0037] In step S20, the control section 50 establishes predetermined conditions, 
that is, continuing the stopped state of the vehicle during operation of the fuel cell system 
or continuing the low load state so as to execute the above-described intermittent 
operation mode. 

[0038] Then in step S22, the control section 50 opens the switch of the output 
terminal of the fuel cell 20. The control section 50 then operates the power control unit 
42 to supply power from the secondary battery 41 to power source of the accessory motor 
43, the driving motor 44 and the like. In step S24, the respective supply systems for 
supplying the fuel gas and the oxidizing gas such as the air compressor 12, the hydrogen 
pump 37 and the like are stopped so as to interrupt the operation of the fuel cell 20. 
Operations of the shut-off valves 33 and 34 are stopped. In step S26, the control section 
50 reads an open circuit voltage (OCV) VI at a time yl at which the operation of the fuel 
cell 20 is interrupted based on the output of the voltmeter V. The control section 50 then 
stores the read data in an inner memory (not shown). In step S28, the control section 50 
observes whether the load requirement that exceeds a predetermined value in the 
intermittent operation mode has been generated or whether the request for re-generation 
of power in response to reduction in the state of charge of the secondary battery 41 has 
been generated. If NO is obtained in step S28, that is, re-generation of power has not 
been required, the non-power generation state of the fuel cell 20 is continued. 

[0039] If YES is obtained in step S28, that is, re-generation of power has been 
required after an elapse of the time tl from the moment at which the operation of the fuel 
cell 20 is interrupted, the control section 50 detects the open circuit voltage V2 of the fuel 
cell 20 at that time y2 and the detected voltage V2 is stored in the inner memory in step 
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[0040] The control section 50 estimates the gas permeation quantity during a 
period at which the operation of the fuel cell 20 is interrupted. Referring to FIG. 3A, if 
resumption of power generation is required at the time tl after the interruption, the 
voltage drop rate is obtained by the equation of AV/tl = VI - V2/tl. In step S32, the 
gas permeation quantity P is estimated using the function of P = f(AV, t) obtained 
experimentally or by performing simulation calculation preliminarily using parameters of 
the voltage drop amount AV and the elapsed time tl as shown in FIG 3B. The above 
estimation is made by focusing on the phenomenon that the voltage generated in the 
anode and the cathode drops owing to the leakage of the hydrogen gas sealed in the anode 
22 into the cathode 23, and the leakage of the oxygen gas and the nitrogen gas from the 
cathode 23 to the anode 22. The process in step S32 corresponds to the gas permeation 
quantity estimation unit. 

[0041] In step S34, it is determined whether the estimated gas permeation 
quantity P exceeds a reference value (threshold value), which may require correction. If 
YES is obtained in step S34, that is, the estimated value exceeds the threshold value, each 
quantity of the hydrogen gas supplied to the anode 22 and air supplied to the cathode 23 
is increased. The amount of increase in the gas quantity Nl corresponding to the gas 
permeation quantity PI is obtained using the function of the gas increase quantity N = 
s(P) which has been obtained through experiment or simulation calculation preliminarily. 
The gas increased by the increase in the gas quantity Nl corresponding to the gas 
permeation quantity is added to each of the supply quantity of the hydrogen gas and air 
(gas supply quantity during the normal operation) in accordance with the required load so 
as to set the respective supply gas quantity in step S36. The process in step S3 6 
corresponds to the correction unit. 

[0042] If NO is obtained in step S34, that is, the estimated gas permeation 
quantity does not exceed the threshold value, which may not require the correction, the 
process proceeds to step S3 8 where each quantity of the hydrogen gas supplied to the 
anode 22 and air supplied to the cathode 23 is set to the quantity in accordance with the 
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required load, respectively. 

[0043] Then in step S40, the control section 50 regulates the pressure regulator 
valve 32 and the hydrogen pump 37 such that the supply quantity of hydrogen gas 
becomes the set value, and the shut-off valves 33, 34 are opened to start supply of the 
hydrogen gas. The air compressor 12 is activated to adjust the pressure regulator valve 
14 such that the supply quantity of air becomes the set value. When the output voltage 
of the fuel cell 20 rises to a predetermined level upon supply of gas, the control section 
50 functions in closing the switch to be connected to the power control unit 42. As 
aforementioned, correction of the gas supply quantity upon re-start makes it possible to 
allow rise-up of the output voltage at the reduced time lag. The control section 50 
controls the power control unit 42 to stop power supply from the secondary battery 41 to 
the loads 43, 44 such that the power generated by the fuel cell 20 is supplied to those 
loads in step S42. The secondary battery 41 may be charged by the fuel cell 20 in case 
of necessity. 

[0044] In step S44, the fuel cell 20 that has been interrupted in the intermittent 
operation mode is resumed to the operative state. 

[0045] In the aforementioned embodiment, the gas permeation quantity is 
obtained as the amount of the voltage drop for the elapsed time t. It may be estimated as 
the decrease Ap in the anode gas pressure. More specifically, the hydrogen gas pressure 
pi at the anode 22 after closing of the shut-off valves 33, 34 and the hydrogen gas 
pressure p2 upon re-start of the fuel cell 20 are detected to derive the decrease Ap in the 
gas pressure for the elapsed time tl from the equation of Ap = pi - p2. The gas 
permeation quantity P in accordance with the decrease in the gas pressure Ap and the 
elapsed time t may be derived from the equation that has been preliminarily prepared 
through experiment or simulation calculation, that is, P = g(Ap, t). 

[0046] In the aforementioned embodiment, each quantity of supply of the 
hydrogen gas (anode gas) and air (cathode gas) upon re-start is corrected. However, the 
supply quantity of any one of the anode gas and the cathode gas may be corrected. 

[0047] A second embodiment will be described referring to FIG. 4. The 
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structure of the fuel cell system shown in FIG. 1 and control process shown in the 
flowchart of FIG 2 are identical to those in the second embodiment. Accordingly, 
characteristic of the second embodiment different from that of the first embodiment will 
be described. 

[0048] In the first embodiment, each of the corrected quantities of the hydrogen 
gas and air with respect to the estimated gas permeation quantity is equal (see step S36 
in FIG 2 and FIG. 3C). In step S36 of the control routine executed by the control 
section 50 in the second embodiment, however, each of the corrected quantities of the 
hydrogen gas and air with respect to the estimated gas permeation quantity PI is different. 
That is, the increase in the hydrogen gas N H1 with respect to the gas permeation quantity 
PI is derived from the hydrogen gas increase function N H = s H (P) adapted to the hydrogen 
gas in reference to the estimated gas permeation quantity PI. The aforementioned 
function N H = s H (P) is obtained through experiment or simulation calculation. Likewise, 
the increase in air N OI with respect to the gas permeation quantity PI is derived from the 
air increase function N Q = s G (P) adapted to air in reference to the estimated gas 
permeation quantity PI. The aforementioned function N Q = s G (P) is obtained through 
experiment or simulation calculation. 

[0049] In the second embodiment, each correction quantity of the hydrogen gas 
(fuel gas) and air (oxidizing gas) upon re-start of the fuel cell is independently set. This 
makes it possible to compensate the start-up characteristics more accurately. 

[0050] In the first and the second embodiments, the gas permeation quantity P 
based on the voltage drop amount AV is estimated using the function f (AV, t). In a 
third embodiment, each gas permeation quantity is estimated by the fuel gas and the 
oxidizing gas, respectively. More specifically, the hydrogen gas permeation quantity P H 
corresponding to the voltage drop AV (voltage drop rate) for a predetermined time t may 
be obtained appropriately using the function f H (AV, t) for estimating the hydrogen gas 
permeation quantity P H . Meanwhile, the air permeation quantity P 0 corresponding to the 
voltage drop AV (voltage drop rate) for a predetermined time t may be obtained 
appropriately using the function f H (AV, t) for estimating the air permeation quantity P Q . 
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As described in the second embodiment, the hydrogen gas increase function N H = S H (P) is 
used to obtain the increase in the hydrogen gas N H (=S H (P H )) corresponding to the 
hydrogen gas permeation quantity P H . Meanwhile, the air increase function N Q = s Q (P) 
is used to obtain the increase in air N c (=s 0 (P 0 )) corresponding to the air permeation 
quantity P Q . 

[0051] In the third embodiment, gas permeation quantities, that is, the 
hydrogen gas (fuel gas) permeation quantity and air (oxidizing gas) permeation quantity 
are estimated. The correction quantity of the hydrogen gas upon re-start of the fuel cell 
is set based on the hydrogen gas permeation quantity. The correction quantity of air is 
set based on the air permeation quantity. As the above-described setting is performed 
with respect to the hydrogen gas (fuel gas) and air (oxidizing gas) independently, the 
start-up characteristics may be compensated with higher accuracy. 

[0052] The functions used in the aforementioned embodiments may be 
replaced by a table of data where arguments and output values are stored. It is to be 
understood that the invention is not limited to be applied upon re-start of the fuel cell in 
the intermittent operation mode. It is also clear that the application of the invention 
upon re-start of the fuel cell from the interrupted state may prevent deterioration in the 
start-up characteristics of the fuel cell caused by cross leakage of gas. 



